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Cfes: WhstisciMdis: 



1 . An N-bit conditional sum sddei' coirtpnsing: 

a WVbit conditional su^n adder and a W2'bit conditiona! sm adder whereir: N is the number ot bits to be added and wherein the Wl 
and VV2 are integers whose sum is N, and wiierein said W1-bit adder includes Wi inputs and W2-bit adder includes Wl inputs and 
wherein each of said conditional sum adders includes a carry-zero output a carry-one output, ai least one sum-zero output arid at 
least one sum-one output and wherein said V'/1 -bit conditional suni adder includes at least one 1 -bit conditional suri adder wherein 
said 1 -bit conditional suirt adder has a first and second input, a can-y-zero output, a car ryM)ne output, a suiri-zero output and a suirt 
one output and wherein said 1 -bit conditional sum adder comprises a plurality of logic gates including: 

an exclusive NCR gate with an output coupled to said sum-zero output of said l-oit conditional sum adder; 

an exclusive OR gate with an output coupled to said surri-one output oi said l-brt conditional sum adder: 

a NA^^D gate with an output coupled to said carry-zero output of said 1~bit conditional sum adder: and 

a NCR gate with an output coupled to said carry-one output oi said : -bit conditional sum adder; 

wherein said first and second inputs are coupled to the inputs of said exclusive NOR gate, said exclusive OR gate, said NAND gate 
and said NOR gate, respectively; 

first and second BiCMOS (bipolar and complementary metal oxide semiconductor) buffers, an input of said first buffer coupled to said 
carry-zero output of said Wl -bit adder, and an input of said second Duffer coupled to said carry-one output of said Wt -bit adder: 

a first plurality of W2 multiplexers, each of said multiple:xe^s comprising a select input, a data-one input and a data-two input, wherein 
an output of said first buffer is coupled to said select input of each of said first plurality of multiplexers: and 

a second plurality of W2 multiplexers, each of said multiplexers cornpnsing a select input, a data-one input and a data-two input, 
wherein an output of said second buffer is coupled to said select input of each of said second plurality of multiplexers and wherein 
said at least one sum zero output of said V\'2-bit conditional sum adder is coupled to said data-one inputs of said first and said 
second plurality of W2 muitiplexers and wherein said at least one sum-one output of said W2-bit conditional sum adder is coupled to 
said data-tvvo Inputs of said first and said second plurality of W2 multiplexers; 

wherein least signiiicant sum outputs of said N-bit adder Is taken from said surn zero and sum -one outputs of said W ■ -bit adder and 
wherein most significant sum outputs of said N-bit adder are taken from outputs of first and second plurality of W2 multiplexers, 



2. The N-bit adder of claim : wherein W ■ is equal to V\'2, 

3. The N-bit adder of claim : wherein N is a power of 2, 

4. The N-bit adder of claim 3 wherein \i is equal to 64, 

5. The N-bit adder of claim 3 wherein N is equal to 1 28. 

6. The N-bit adder of claim i wherein said logic gates comprise BiCMOS logic gates, 

7. The N-bit adder of claim i wherein said each of said Wt-bit conditional sum adder comprises a W3-bit conditional sum adder and 
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a W44)it conditionai m) adder, wherein the sum of W3 aiid VV4 is W1 . 

8. The N-bit adder of claim i wherein said each of said W2-bii condiiional sum adder comprises a W3-bit conditional sum adder and 
a W4-bit conditional m\ adder, wherein the sum of W3 arid W4 is W2. 

9. Tiie N-bit adder of ciaim ■ wherein said W2"b;t cond;tioriai sum adder comprises a plurality of 1 -bit conditionai sum adders, 
wherein each of said 1 -bit conditional sum adders has first and second inputs, and a can^zero output, a carry-one output, a sum- 
zero output and a Si; nvone output. 

1 0. The N"bit adder of claiiii 9 wherein each of said ■ -bit adders coniprises; 
an exclusive NOR gate with an output coupled to said sum-zero output; 

an exclusive OR gate with an output coupled to said sum-one output; 
a NAf^D gate with an output coupled to said carry-zero output; arid 
a NOR gate with an output coupled to said carry-one output; 

wherein said first and second inputs are coupled to the inputs of said exclusive NOR gate, said exclusive OR gate, said NAND gate 
and said NOR gate, i'espectively. 



1 1. The N-bii adder of claim 1 wherein said multiplexers comprise coirtplementary metal oxide semiconductor (CMOS) multiplexers. 

12. The N-bii adder of claim 1 1 wherein each of said CMOS multiplexers comprises a plurality of CMOS transmission gates, 

13. The N-bii adder of claim 12 wherein said each of said CMOS transmission gates comprises an n-channei MOS transistor and a p~ 
channel MOS transistor. 

14. The N"b:t adder of clairri 1 and further comprising first and second multiplexers, wherein each of said rnuitiplexers includes a 
select input, a data-cne input and a data-t-A'-o input, wherein said select input of said first multiplexer is coupled to the output of said 
first buffer and said select input of said second mijltiplexer is coupled to the output of said second Puffer, and wherein said cany-zero 
output of said second adder Is coupled said data-cne input of each of said first and second multiplexers and wherein said carry-one 
output of said second adder is coupled said data-two input of each of said first and second multiplexers and wherein an output of said 
first multiplexer comprises a carry-zero output of said N-bit conditional sum adder and an output of said second multiplexer campuses 
a carry-one output of said N-bit conditionai sum adder. 

Description; 

RELDOFTHEINVENTiON 

This invention generally relates to semiconductor devices and specifically to a high speed static adder, 
BACKGROUND OF THE INVENTiON 

One of the main concerns of computer design Is obtaining the highest possible operating speed. An adder plays a central role in the 
operation of computers as well as numerous other systems, and is thus a major factor in determining the overall speed of many 
systems. 
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A nuinber o\ fast adders have beeii developed. The simpies! form of parallel adder is the rippie-carry adder which accepts the 
niifTibers to be sufivned and a carry-;n as inputs and creates a m\ and a carry-out bit. In tills case, each bit of the addend afid 
a^rgend is fed into a full adder along with the carry out of the next highest significant bit In the worst possible case, the carry may 
have to propagate, le. "ripple-tfirougiv, the adder from one end to another, thus causing a long delay, If a large nuirti)er of bits iriust 
be added, such as 64 or 123, this delay r^r-iay be intolerable, 

Another type of adder is the ininimun delay adder which takes advantage of the basic theorem that any Booiean function, no matter 
how complex, may be realized in a second-order form. In this case, there is no ripple-through delay. The number of logic gates 
required, however, is far too large to make a practical adder, For example, a 64-bit adder would require over 10 ^^'gates-obvicusiy 
an irnpractica! situation. 

The carry look-ahead adder ccpibines the concepts of the carry-propagate and minirfium delay adders to reach compromise between 
the delay time and the number of gates. Although better than the two previous examples, the carry look-ahead adder is stiii not 
sufficient for many high speed, multi-bit applications. 

The conditional sum adder is a well known adder which is faster than the previously mentioned adders, In this case, the sum and 
carry-out of each bit are computed twice for both carry-in equal to zero and carry-in equal to one. Groups of two surras and carry-ouis 
are then formed. Within each group, the carry-out of the least significant half is used to select the new sum and carry-out of the most 
significant half. Tnis operation of grouping of 4-bit, S-bit, ■ 64)it, etc. is repeated until the group size matches the adder word length. 

Although in theory, the conditional sum adder ;s the fastest adder, the speed ;s often limited by the high fanout nets ;n the critical path 
(the carry-out of the least significant half in a group has to select ail the sums and carry-cuts of the most significant half), in prior art 
applications, people have tried to build conditional surn adders with multiple cascaded CMOS buffers in order to drive the high fanout 
nets, The additional buffers introduce more delay into the cntical path, Also, tne word length dependent customized buffers also 
break the basically regular strijcture of the conditional sum adder and thus complicate the layout and fabrication of the device. 

Accordingly, improvements which overcome any or ail of the problems are presently desirable. 

SUMMARY OF THE INVENTION 

Other objects and advantages w;ll be obvious, and will in part appear hereinafter and will be accomplished by the present invention 
which provides an apparatus for a high-speed static adder, 

An N-bit conditional sum adder comprises first and second N/2-bit conditional sum adders. Each of the adders may be built from a 
plurality of one-bit conditional sum adders, in one embodiment, each one-bit adder comprises a XNOR gate, a XOR gate, a NAND 
gate and a f^iOR gate. The carry outputs of the first conditional sum adder are coijpled to BiCMOS driver's which in turn ai'e coupled 
to the select inputs or a plui'ality of multiplexei's. The multiplexers may be CMOS multiplexers built from transfer gates. 

An advantage of the invention is that the adder wiil have both high speed and a relatively low number of logic gates, Since BiCMOS 
logic gates are used to generate the initial sums and carry-outs for both tfie 'with" and "without" carry-in cases, these gates are able 
to provide high initial drive to propagate the sums and carry-outs through multiple levels of multiplexers, 

The present invention is also flexible enough to enable the use of CMOS transmissions gates for the multiplexers, These gates are 
used for rapid signal propagation, 

Another advantage of the present invention is that it may be easily built from BiCMOS gate arrays. A gate array is an array of 
transistor circuits which utilize the same base cell for many different applications. In this configuration, only the final interconnection 
levels of the multilevel device are specifically designed for any given application. The initial levels, known as the base cell, are the 
same for each implementation. Since the base cell already exists, only the final interconnects must be designed to built different word 

littp://www.freepatentsonline.com/5163020.html (5 of 9)3/10/2009 2:22:34 PM 



High speed BiCMOS conditional sum adder - Patent 5 163020 

length adders, 



BRIEF DESGRiPllON OF THE DRAWi^iGS 

The above features of the pr sssnt invention wiii be more cieariy i;riderslood fiOiTi ccnsideralion of the foliowing descriptions in 
corineciiof] with ?i(xorfipafiyifig drawifigs ifi which: 

FIG, 1 is block diagram of a conditional sum adder (CSAj; 

FIG, 2a is functional diagran^ of a ■ -bit CSA; 

FiG, 2b is a block diagram of a mulii-bit CSA; 

FIG, 3 is a circuit diagram of a BiCMOS buffer; 

FIG, 4a ;s a circuit diagrarri of a C^^OS transfnission gate; 

FIG, 4b is a block diagram of a multiplexer; 

FiG, 5a Is a graph showing the delay as a function of word length: arid 

FIG. 5b is a graph showing the gate count as a firnction of word length. 

Corresponding niiiTiefals and symbols in the different figures refer to corresponding parts unless otherwise indicated. 
DETAILED DESCRIPTION OF PREFERRED EMB0DI[^^ENT3 

The making and use of the presently preferred ernbodlments are discussed below in detail. However, it should be appreciated that 
the present ir*iventlon provides r^r-iany applicable inventive concepts which can be embodied in a wide variety of specific contexts, The 
specific embodiments discussed are merely illustrative of specific ways tc make and use the invention, and do not delimit the scope 
of the invention. 

The following is a description of the apparatus of the present invention, A block diagram of the preferred embodiment wiii be 
described first followed by a description of embodiments of the component parts. Several performance advantages will then be 
discussed. 

FiG, 1 iiiustrstes a block diagram of an N-bIt Conditional Sum .Adder ■CSA) 8. The Integer N, signifying the number of bits to be 
added, n-iay typically but not necessarily be a factor of two or more typically a power of two such as 32, 64 or 128 as examples. The 
Conditional Sum Adder 8 comprises three major components: CSA, BiCMOS buffer and CMOS multiplexer, These components will 
be discussed in detail with reference to FIGS. 2-4. 

Referring now to FIG, ; two N-bIt numbers A and B are input to the Conditional Sum Adder 8. The least significant bits A|0:N/2^t] and 
BiO:N/2-1l are input to a first Conditional Sum Adder 10a, The outputs SOa and S1 a wli! be the final sum outputs SO or S1 In the case 
that the onginal carry Is "0' for SO or "1" ior S1 , The carry-outs of the first Conditional Sum Adder tOa, COa and C1a are coupled to 
BiCMOS buffers 12 and 14, respectively. The value of the bits COa and C1 a will determine the choice for the most significant final 
sum bits, as ;s well known witfi Conditional Sum Adders. 
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BiCMOS buffer 12 is coupled to the select ii^put SEL of a plurality of irtultiplexers labeled in FIG. 1 as :6s through 16c, in a preferred 
embodiment bufler 12 may comprise rfiore than one buffer such as two BiCMOS inverters for example, in ail. there will be N/2 
muitipiexers coupled to BICMOS buffer \'L Likewise, BICMOS buffer 14 (which may coniprise more than oiie buffer) is coupled to the 
select input SEL of a second plurality of multiplexers labeled as 18a through i8c. There are also N/2 iriultiplexers coupled to buffer 
14. Although dL¥/n with cr*:ly one select input SEL, each multiplexer 16 (or 18) may have both true and complement select signals, 

Since it is possible to have a large fanout if the word lerxjth, i.e., the nuirtber of bits is large, BiCfvlOS buffers 12 and U are used, 
For example, ii a 5^ bi[ addition ;s required, then each buffer 12 (or 1^) musE drive the select input ori 32 multiplexers. As another 
example, if a 1 28 bit addition is required, then each buffer 1 2 (or 14) must drive the select input on 64 multiplexers, Prior art methods 
cannot handie thiS requirement without large deiay costs. 

The most significant bits of the inputs AiN/2::f i i and B[N;2:N"1 ] are coupled to the N/2 bit CSA 1 0b. Each output bit SOb (there will 
be N/2 output bits in iotaij of the second CSA ICb, is coupled to one of the inputs DO of the plurality of multiplexers 15a through :6c. 
L;?(ewise, each oi the N/2 output b;ts 81 b is coupled to the input D1 of one corresponding multiplexer 1 8. The value of the least 
significant carry bits CC and CI will determine the choice for the final suit: SO and SI outputs. 

Multiplexer 20 is provided to determine the final carry-out CO if the original carry is "0'. The two data inputs DC and D1 to multiplexer 
20 are coupled to carry outputs COb and CI b of the CSA 1 Gb, respectively. The select input SEL of multiplexer 20 is also driven by 
the output of buffer 12. Likewise, multiplexer 22 is provided to determine the carry-out if the original carry-out CI if the original carry is 
" i". The two data inputs DO and Dl of multiplexer 22 are coupled to carry outputs are also coupled to carry outputs CGb and Cib of 
CSA 10b, respectively. The select input SEL of multiplexer 22 is dnven the output of buffer 14. 

it should be noted the final irput and output coniiguration of N-bit CSA 3 are in the same format as N/2''bit CSAs 1 0a and 1 0b. 
Therefore, a CSA of any power of ii^vo bits may be implemented by simply incorporating two CS.As with half the number of bits along 
with the corresponding buffer and multiplexer circuitry. This modular design capability provides another advantage over the prior art, 

it should be further noted that the illustrative N^bit conditional sum adder 8 is formed from two N/2-bit CSAs 1 0a and 1 0b, in a more 
genei'a! application, an N-bit CSA may formed from a Wvbit CSA and a W2-bit CSA, where W: and W2 are positive integers whose 
sum is N. For example, a 15-bit CSA may be buiit from an 8-bit CSA and a /■■bit CSA, Lii<.ewiss. the 8-bil CSA may be built from two 
4~bit CSAs and the 7-bii CSA built from a 4-bit CSA and a S-bit CSA, and so on. In another example, the 15~bit CSA may be built 
from a 1 0-bit CSA and a 5-bit CSA, The size of the lowest level CSA is determined by design choice. 

Next, each of the major component blocks, namely the CSA \ 0, the BiCMOS buffer \ 2 (or 1 4) and the multiplexer 1 6 (or 1 8 or 20 or 
22), will be discussed, 

As previously discussed, any CSA may be buiit using two CSAs with half the number of bits. As such, a maior building block for all 
CSAs is the 1-bit CSA. An example of a l-bit CSA built with standard logic gates is shown in FIG, 2a. 

Referring now to FIG. 2a, two one bit binary numbers A and B are to be added. As is well known to those in the arL the sum SO of the 
two bits A and 3 if the carry is zero is determined by exclusive NOR gate 50, Likewise, the sum S1 if the carry bit is one is 
determined ijy exclusive OR gate 52, in addition, the carry-out Pit CO if the carry-in is zero is determined by NAND gate 54 and the 
carry^out bit C1 if the carry-in bit is one is determined by NOR gate 56, The logic design of the 1 -bit CSA adder 1 1 0 can be 
determined using simple and well known logic design techniques. 

The fabrication of logic gates 50 through 56 is also well known in the art. In a preferred embodiment, the logic gates 50 through 56 
are also buiit from BiC^^OS transistors since these devices have the highest drive capability. These transistors can be easily built 
using BiCMOS gate arrays. 

A 2-bit Conditional Sum Adder 21 0 is illustrated in FIG. 2b. This 2-bit CSA 21 0 has the same configuration as the general N-bit CSA 
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1 0 desci ibed with re.spect to FiG, 1 . The least significant iiipui bits A:0] and B:0] are input to a ■ -bit CSA 1 1 0a sudi as the one 
deijcfibed with fefefence io FIG. 2a. Likewise, the rnost significant input bit;; Ai1] and Bi1] are input to 1-bjt CSA 1 10b. 

The sum outputs SOa and S1a of CSA 1 10a will be the least sigiiificant outpiit bits S0[0] and S1i1] of the final sum. The carry-out bits 
COa and Cla drive tiie inputs of BiCMOS biiifers 212 and 214, fespectively, I'he rerriaining output sum brte S0[1] and Sljl] as well 
as the carry-out bits are determined as described with reference to the N-bit CSA. 

Referring now to FIG. 3, the circuit diagram tor a BiCMOS buffer 60 is shown. The buffer 60 is a BiCMOS inverter for rr^ed from p- 
channel MOS transistors 61 and 70, n^'Channel MOS transistors 62, 64, 66 and 68 and bipolar junction transistors 72 and 74. The 
output signal OUT will be an inverted version of the input signal N. 

;-"IG. 4a illustrates a transmission gate 82 which rnay be used to form a rriultiplexer as shown in FIG. 4b. The CMOS transmission 
gate 32 corriprises p-channei MOS transistor 84 and n-channei MOS transistor 88. The input A is coiipled to the source 85 of p- 
channei transistor 84 and the source 89 of n-channel transistor 68, The drain 87 of p-ohannel transistor 84 is connected to the drain 
31 of n-channel transistor 88 and this node serves as the output Y, The select input 3 is coupled to the gate 90 of n^channel 
transistor 88 and the complement of the select Input S' is coupled to the gate 86 of p-channel transistor 84. When the select input S is 
high, the output Y will have the value of input A. 

As shown in FiG. 4b, two transmission gate 1 82a and 1 82b may be configured to form a multiplexer 1 00, The first input A is coupled 
to the Input of first multiplexer 182a and the second input 3 Is connected to the input of second multiplexer 1 82b, The select input S is 
coupled to the select input of gate 1 82a and the complerTr*:ent select input S' of gate ; 82b, Likewise, the complement select input S' is 
coupled to the complement select of gate 1 32a and the select Input of gate 1 82b. The output Y wiii take on the value of A is the select 
input S is tiigh or the value of B ii the select input S is low, i.e., the complerrient select input S' is high. 

The performance of a conditional sum adder built using the concepts of the present invention is shown in FiG, 5a which illustrates the 
delay as a function of word length and in FIG. 5b which illustrates the gate count as a function of word length. As will be readily 
recognized by those skilled in the art, the capabilities of the CSA of the present invention are supenor to the capabilities of prior art 
methods. 

Referring now to FIG. 5a, the gate delay for three different cases is shown as the function of word length. Specifically, Graph 5a1 
illustrates the case of 0.6 micron transistor circuit, Graph 5a2 illustrates a 0,8 micron transistor circuit under nominal conditions and 
Graph 5a3 illustrates a 0.8 micron transistor circuit under worst case conditions. Here the delay is roughly proportionai to the log of i^, 
where N is the word length in bits. 

For exairiple, the nominal delays with the 0.8 micron BiCMOS circuit are 3,69 ns for 32 bits and 4.64 ns for 64 bits. These delays are 
base on standai'd 100k BiCMOS gate array ti'ansistcr sizes. In this example, all p-channel transistors are 15.6 microns, all n-channel 
transistors are 13.0 microns and all bipolar transistors are 4,8 microns squared. This example is given to show that very high speed 
adders can be made m a SiCMOS gate array environment. Even better performance is expected with transistor sizing on custom 
chips. 

The gate count as a function of word length is iliustrated in FIG. 5b, An important fact to note is that the gate count increases linearly 
as the word length gets larger. This is an advantage over many prior art adders in which the gate count increases exponentially as 
the word length gets larger. 

While this invention has been described with reference to illustrative embodiments, ttiis description is not intended tc be construed in 
a limiting sense. Various modifications and combinations of the illustrative embodiments, as well as other embodiments of the 
invention, will be apparent to persons skilled in the art upon referenoe to the description. It is therefore intended that the appended 
claims encompass any such modifications or embodiments. 
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